of the D-ring to just the histidine or to both the histidine and serine catalytic amino acids? We also do not know the extent of conformational change in the receptor before D3 binds.
T H O M A S E . A L B R E C H T-S C H M I T T

I
t is now possible to study the chemistry of radioactive elements that have short halflives using state-of-the-art techniques that were not available when the elements were first discovered. Writing in Nature Communications, Ferrier et al. 1 report just such an investigation of the poorly understood heavy element actinium (Ac) -the first element in the actinide series of the periodic table. They reveal that the chemical behaviour of actinium in water differs from that of the heavier actinides, and in so doing provide a clue that might enable actinium to be used in cancer radiotherapy.
Like all elements beyond bismuth in the periodic table, actinium has no stable isotopes. Moreover, the only available isotopes, 225 Ac and 227 Ac, must be extracted from the decay of other radioactive elements. The parents of these actinium isotopes include several isotopes of radium -which is not readily available and also decays, to form extremely dangerous radon gas -as well as rare isotopes of thorium, uranium and protactinium. As a result, the supply of actinium is typically limited to only a few micrograms at a time.
The challenges continue to mount in the case of 225 Ac, because it has a half-life of just 10 days. To make matters worse, the chemistry of actinium cannot be interrogated using standard spectroscopic techniques, because its only oxidation state is +3, and the associated ion, Ac 3+ , has a 'closed-shell' electron configuration -rendering it invisible to those techniques. The combination of intense radioactivity and spectroscopic invisibility makes efforts to tackle actinium chemistry nothing short of heroic.
Understanding the fundamental chemistry and physical properties of elusive elements is a worthy enterprise in itself, but there is another reason for the interest in actinium:
225 Ac has been recognized 2 as a promising candidate for treating cancer through a process called targeted alpha therapy. This therapy relies on the fact that 225 Ac decays by emitting α-particles -which consist of two protons and two neutrons, and are one of the most common forms of radiation emitted by decaying radioactive elements. These particles pack much more energy than the other types of radiation commonly formed during radioactive decay (β-particles and γ-rays), but they can usually travel through only the first few layers of cells in tissue 3 . This makes them ideal for cancer therapy, because it means they can destroy cancer cells without damaging the surrounding tissue.
However, to develop radioisotopes for this kind of treatment, molecules that trap the isotope's ion and deliver it to specific areas of the body are needed. Such molecules are called chelating agents, and must have remarkably high binding specificity for the radioisotope being delivered -otherwise, the isotope could be displaced from the chelating agent by other, biologically available metals, such as iron, when the isotope enters the bloodstream. Herein lies the rub: because the chemistry of actinium is sufficiently different from that of other elements with +3 oxidation states (trivalent elements), we do not have appropriate chelating agents for actinium. Moreover, we cannot design them without knowing how molecules and ions bind to Ac 3+ ions in water. The goal of Ferrier and colleagues' work was to uncover why actinium's chemistry deviates from that of other trivalent elements in the lanthanides and actinides, the two series of elements with which actinium is grouped in the periodic table.
Because many actinides are scarce and radioactive, molecules that probe their reactivity must be developed using analogous, nonradioactive elements. This often takes years of effort. Fortunately, trivalent actinides can have chemistry similar to that of trivalent lanthanides, of which only promethium is radioactive. More specifically, a lanthanide ion can typically be found that has a similar ionic radius to that of a target actinide, and can therefore act as the actinide's substitute during efforts to explore chemical reactivity, preventing the depletion of precious radionuclide resources. Even when the origin of the differences between actinides and lanthanides is being studied, lanthanides provide a good first approximation of the chemical behaviour of actinides.
However, finding a lanthanide ion of similar size to Ac 3+ presents a challenge, because the ionic radius of actinium, although not established with a high degree of precision, must be much larger than that of lanthanum (La, the largest lanthanide). In fact, the chemistry of La 3+ might well lead researchers astray, because it is known to be unusual -lanthanum is the only element to form ions that commonly interact directly with ten molecules 4 (to use the jargon, it often has ten ligand molecules in its inner sphere).
So 
Fleeting glimpse of an elusive element
A heroic effort to characterize the chemistry of actinium, a short-lived radioactive element, reveals surprising differences in behaviour compared with other elements in the actinide series. Stanford Synchrotron Radiation Lightsource, a facility in California capable of producing extremely bright X-rays, to study microgram samples of actinium using a technique called X-ray absorption fine-structure spectroscopy -which actinium ions are not invisible to. More specifically, the authors studied solutions of an Ac 3+ salt dissolved in hydrochloric acid to observe how water molecules and chloride ions bind to the Ac 3+ ions. They also used computational modelling to help interpret the results.
The authors find that Ac 3+ binds to nine ligands in aqueous solutions, as is common for early actinides (actinium to americium in the actinide series). This was perhaps unexpected: given the large ionic radius of Ac 3+ , one might have anticipated that its inner sphere of ligands would have been larger. But the real surprise was the finding that the inner sphere incorporates more chloride ions than was previously thought: the dominant species observed was Ac(H 2 O) 6 One of the few predictable trends known for the actinides is that the ionic radius of the tripositive ions contracts as one traverses the series from actinium to lawrencium. The contraction is quite consistent, averaging about 0.01 ångströms between neighbouring actinides 5 ( Fig. 1) . Although the contraction is gradual, the chemistry of the ions often changes considerably in tandem with each contraction, so that adjacent actinide compounds exhibit quite different atomic structures, reactivities and electronic properties. Protactinium 6 , plutonium 7 and californium 8 are all good examples of actinides whose ion chemistry differs substantially from that of their neighbours in the periodic table.
The contracting ionic radius also means that the later actinides in the series have higher charge densities than earlier ones. Actinide ions in general are said to be 'hard' cations, which means that they bind preferentially to small ligands such as water and fluoride ions. But Ac 3+ should be the 'softest' of the trivalent (Ionic radii are given in ångströms, and ions are shown to scale; thorium, the second element in the series, is not shown because it does not form a stable tripositive ion in water.) The size of each ion correlates with the ion's ability to bind to certain kinds of ligand molecule. Ferrier et al. 1 report that the ligand-binding behaviour of actinium differs substantially from that of americium.
actinides, binding preferentially to softer, larger ligands. Ferrier and colleagues' observation that actinium binds to a larger number of chloride ions in water than americium is consistent with this theory, because chloride ions are larger than water molecules. This knowledge can be used to design chelating agents for actinium-based radiopharmaceuticals: such agents should contain more soft atoms than are typically used in these compounds. 1 offer an explanation -emotionally charged events that occur close in time are bound together because of an overlap between the ensembles of neurons that are excited when the memories are laid down.
In their study, Rashid and colleagues trained mice to fear a particular tone (tone 1) by pairing the sound with a mild electric shock. Then, after an interval of between 1.5 and 24 hours, they trained the same animals to fear a different tone (tone 2). If the authors subsequently extinguished the animals' fear of tone 2, by repeatedly using it without shock, fear responses to tone 1 also decreased -but only if the initial training events had occurred within 6 hours of each other. Thus, a selective link forms between memories of fear-associated events that occur close together. A brain region called the amygdala is essential for associating cues with shock. Select ensembles of neurons in this region are activated in mice during fear-associated training, and are then reactivated when the animal recalls the event. Using a sophisticated method for marking neurons activated during each event, Rashid et al. found a high degree of overlap (co-allocation) between the neurons activated by the two memories if the memories were created within 6 hours of each other, but not when created 24 hours apart (Fig. 1) .
Next, the authors used elegant genetic tools to force activation of a common set of amygdala neurons during both learning events -a trick that artificially linked memories
NEUROSCIENCE
Memories linked within a window of time
In mice, two fear-associated memories that are created close in time are represented in the brain's amygdala by the activation of overlapping ensembles of neurons. As a result, eliminating the fear of one memory also extinguishes fear of the other.
